Sedentary crop-livestock mixed farming is the predominant agricultural land use in Central Himalaya upland and largely rainfed; agrochemicals are not used at all. Farmers focus on increasing yields with poor soil fertility management practices resulted in sharp decline in production of pea crop in the study site. Therefore in present study options are being looked into devising some conservation strategies that increase yields of pea while reducing harm to soil biodiversity at a local scale here. The present study explores the efficiency of P. excavatus as endemic earthworm species for vermicomposting, the potential utilization of Conventional oak based farmyard manure (FM-O); Conventional pine based farmyard manure(FM-P); Earthworm fed − Cow dung + oak leaves based vermicompost (VC-O); Earthworm fed − Cow dung + pine leaves based vermicompost (VC-P); freshly fallen leaf litter (LM) on pea crop productivity and soil faunal diversity in agricultural system, and if the changed soil faunal biodiversity scenario in any way affected the crop production. The higher uptake of nitrogen, higher germination percentage enhanced seedling growth, early emergence flower, increase number of pods, seed, husk , and root biomass was significantly higher in plants which received VC-O followed by VC-P as manure input treatments. The change in the diversity of soil micro arthropods in relation to quality change in organic residues input in experimental plots and expressed as the Simpsons diversity index showed that the diversity of soil * Corresponding author.
Introduction
Traditional farmers are dependent on forest biomass for fodder, manure and a range of woody and non-woody products used to sustain traditional farming and livelihoods, they also depend heavily on farmyard manure to replenish soil fertility in croplands [1] . They are not aware of the fact that it is not only the quantity but also the chemical and biological quality of manure, which determines yields, and food quality of the crops. Earthworms are important biological organisms that maintain nutrients flow specially playing an important role in the recycling of N in different agro ecosystems [2] [3] . Farmers are aware of earthworms as a beneficial organism but are not of the technology of vermicompost production and its advantages over traditional farmyard manure. Vermicompost serves as an important component of integrated plant nutrient supply system for balanced fertilization along with maintaining health to sustain the productivity of soils [4] . Agroecosystems deprived of their biological diversity result in costly external inputs, because of the inability to sponsor their own soil fertility and pest regulation. Enhancing functional biodiversity in agricultural systems is a key ecological strategy to bring sustainability to the production [5] . The mix of soil organisms in the soil also partially determines soil resilience. Residue recycling is a key factor in determining the soil biotic activity and species faunal diversity management in agro ecosystems. Farmers in this region are dependent on forest biomass for fodder and manure and are more reliant on biological functioning of the soil, due to the reliance of cropping systems on organic inputs for management of soil fertility. Sedentary crop-livestock mixed farming is the predominant agricultural land use, in relatively cooler-less humid Central and Western Himalaya upland agro ecosystems and largely rain fed. Traditionally around 20 t•ha −1 of farm yard manure is applied annually in each hectare of cropland and 20 -30 cm deep ploughing done. But since last few years farmers focus on increasing yields with continuous cropping on the same plot of land with reduced input of organic matter into soil, has altered the soil habitats and structure of communities of soil fauna causing a sharp decline in soil fertility and depletion in production of many important crops, especially pea crop. The present study therefore aims to explore the potential utilization of application of vermicompost and conventional compost derived from different residues on improving pea crop production as well as soil faunal diversity. This will be done with the aim to devise a strategy for improving the crop production in the region where it has depleted due to poor land management practices. Endemic earthworm P. excavatus has been used as species for vermicomposting.
Methods

Description of Study Site
The study was carried out at Bhiri-Banswara village landscape (latitude 30˚27'N and 79˚5'E) in Chamoli district in Central Himalayan region of India at an elevation of 1100 -1200 m above mean sea level. The landscape is a mosaic of agroecosystems, forests and degraded ecosystems. The soil is classified as Dystric Cambisol according to FAO system.
Preparation of Vermicompost
The culture medium used for growing earthworms (vermibeds) were prepared following standard method of Kale and Bano [6] . Two types of the vermibeds were prepared: (i) Oak mixed broad leaf litter + cow dung in 1:2 ratio (iii) Pine litter + cow dung in 1:2 ratio. Following pre composting mature Perionyx excavatus released into the tanks (4500 worms/tank) and in three months, vermicompost was sieved, separated and stored in bags for putting into the experimental plots. Farmers follow the traditional practice of composting agriculture and animal waste in the compost pits before applying to the land. Composted oak-based farmyard manure (cow dung + leaves of oak) as well as composted pine based farmyard manure (cow dung + leaves of pine) were collected locally from the villagers and leaf litter was collected from the forest surrounding the village.
Experimental Set up
Three replicate plots (462 m 2 ), with 50 -100 m distance between adjacent plots were demarcated. All plots were selected on south-facing slopes over an elevation range of 1100 -1150 m to maximize the effect of land use. Experimental plot comprised of 30 units of 2 m 2 each, randomly allocated to six treatments, all the experimental units were distributed on a randomized block design, each block contained 5 replicates per treatment for pea crop growth and yield study, and for soil faunal sampling. 1) Control -Without any amendments (C) 2) Conventional oak based farmyard manure (cow dung + leaves of oak) collected from the surrounding forests (FM-O) 3) Conventional pine based farmyard manure (cow dung + leaves of pine) (FM-P) 4) Earthworm fed − cow dung + oak leaves based vermicompost (VC-O) 5) Earthworm fed − cow dung + pine leaves based vermicompost (VC-P)
6) leaf litter (LM)
The amount of organic matter applied in form of (FM-O), (FM-P), (VC-O), (VC-P), and (LM) for experiment was calculated by its nutrient equivalent so that the same amount of nitrogen (120 kg/ha) was applied under different treatments. Thus (FM-O) and (FM-P)@12t/ha and 13.1t/ha, (VC-O) and (VC-P)@6t/ha and 8t/ha and (LM)@15.t/ha were applied a week before the sowing of the pea seeds (15 November 2011) in each treatment, twenty plants were planted in a unit of the micro plot and weeds removed manually after three and six weeks of seed germination. Majority of agriculture in Himalayas is rain fed therefore, no irrigation was required during cropping here. Since there was a monkey menace in the locality, experimental plot was enclosed from all the four sides by a net enclosure of about 10 feet high as protection against monkeys, besides regular monitoring (chaukidari) by one person. The fruits were harvested on 12 March 2012 when pods were mature and green. At the time of harvesting ten plants were selected randomly from each treatment, the plants so collected were washed in tap water and subsequently kept in hot air oven at 60˚C for 24 hours and then, weight of fruit, husk, stem, and roots were recorded.
Soil Sampling
Composite soil samples (to a depth of 0 -30 cm) were randomly drawn from each replicate plot of experimental area before sowing of the seeds and after crop harvesting was done and was analyzed for physical and chemical properties. Each monolith subdivided into 0 -10, 10 -20 cm blocks, the soil samples were air dried and sieved through a 2-mm sieve. A representative of the sub-sample was stored for subsequent analysis. Soil temperatures recorded weekly at 0 -10 and 10 -20 cm depths; however, the values presented here are mean monthly values for 0 -10 cm depth (Figure 1(a) ). Soil moisture was recorded every month at 0 -10 and 10 -20 cm depths, but the values presented here are mean monthly values for 0 -10 cm depth and are expressed as % oven dry weight at 105˚C (Figure 1(b) ).
Analysis of soil texture was done using a hydrometer method [7] , soil pH was measured as 1:2.5 (soil: water) solution. Bulk density was estimated using standard method [8] , total nitrogen in the experimental field soil and vermicompost was determined by the Kjeldahl method and organic carbon was estimated by Walkey Black method [9] . Carbon content of litter and farmyard manure was determined based on loss of ignition at 550˚C for 8 hours and Nitrogen was estimated by the micro-Kjeldahl method [10] . Soil was sampled before the sowing of crops and then after the crop harvested under all the treatments. A separate table added showing the mean values of the experimental soil profile before cropping was initiated ( Table 1) . (Figure 1(a) ), and in soil temperature and moisture (Figure 1(b) ) during the cropping season in agricultural system in Bhiri-Banswara village. 
Soil Fauna Sampling
8 to 10 individual pitfall traps (6cm diameter and 5 cm in length) were established to trap surface active macro fauna and Collembola (Entomobryomorpha and Sminthurids) and then preserved in 70% -90% isopropyl (rubbing alcohol). Berlese funnels were used to extract Acarina and Collembola (Podumorphs) from litter and soil samples using soil corers (5 × 5 × 7 cm 3 size), and then preserved in absolute alcohol with few drops of glycerin added to them.
Arthropod Biomass Estimation
Biomass of preserved macro arthropods that is coleoptera, hymenoptera, larvae and arachnids were determined by weighing them on single pan electronic balance (0.0001 gm) after wiping them dry on filter paper. For meso arthropods that are Entomobryomorphid, Sminthurids, Podumorphs and Acarina, hundred preserved specimens of each group were taken. These were placed on a filter paper in a petri-dish, their weight taken (A), on single pan electronic balance (0.0001 gm). Subsequently the specimen were removed and the weight of only Petri-dish and filter paper taken (B), the weight of Entomobryomorphid, Sminthurids, Podumorphs and Acarina then determined by substracting (A-B).
Statistical Analysis of the Data
Statistical analysis is done using standard biostatistical methods [11] . Significant differences in physico-chemical characteristics of the soil across different treatments carried out using one-way ANOVA. Significant differences in the density and biomass of soil macro and meso arthropod samples across different sampling treatments and in between the same treatment was tested using non-parametric one-way ANOVA (F-test), and the New Mann Keul's multiple range tests (q-test). Sample standard error was calculated as the standard error of the Mean (±SE).
Diversity Index Calculated as Simpsons Index of Diversity
where n = total number of organisms of particular species; N = total number of organisms of all the species; and the value of D ranges between 0 and 1.
Results
Soil Physico-Chemical Characteristic
The mean values of the soil profile subsequent to harvest of crops in experimental plots is described in Table 2 Table 2) . Table 3) . Table 3 . Chemical composition of LM, FM-O, FM-P, VC-O and VC-P used in Pea crop experiments (±SE, n = 5). Numbers followed by the same superscripts letter are not significantly different (P < 0.05) within columns. (Figure 2 ) as treatments.
Chemical Composition of LM, FM-O, FM-P VC-O and VC-P
Effect of Different Input Treatments on the Yield of Pea Crop
Seed germination, flowering and fruiting occurred earlier in the plots receiving VC-O and VC-P treatments as compared to other treatments. The higher germination percentage of 91.6% was recorded in VC-O and VC-P treated plots 11 days after sowing where as germination percentage was 85% -85.45% in FM-O and FM-P 14 days after sowing, the germination percentage was only 20% in C and occurred 16days after sowing of seeds . Seedling growth was higher in VC-O and VC-P treated plots, and it was 12 cm in length as recorded after two weeks of sowing as compared to 8 and 8.3cm in other treatments. Flowering emergence occurred between 80 to 82 days subsequent to seed sowing in VC-O and VC-P whereas it took about 84 to 85 days in FM-O and FM-P, and the number of flowers and pods was higher in VC-O and VC-P treated plots when compared to C, FM-O, FM-P and LM treated plots. Yield of pea crop varied significantly (F [4,10] = 396.14; P < 0.05) between different treatments followed by VC-P as compared to FM-O, FM-P, LM and C (Figure 3 ). Fruit yield, leaf, stem and root biomass was significantly higher for VC-O.
Effect of Different Input Treatments on Soil Faunal Biodiversity
Total abundance of Entomobryomorphid (F[4,10] = 632.7; P < 0.05), Sminthurids (F. [4, 10] = 776.4; P < 0.05), Table 4, Table 5 ). Table 4 . Total abundance of soil fauna (number/m 2 ) in experimental plots under different treatments during cropping (±SE, n = 5). Numbers followed by the same superscripts letter are not significantly different (P < 0.05) within the rows. Table 5 . Total biomass of soil fauna (g/m 2 ) in experimental plots under different treatments during cropping in Bhiri-Banswara village central Himalaya (±SE, n = 5). India. Numbers followed by the same superscripts letter are not significantly different (P < 0.05) within the rows. As compared to other treatments, entomobryomorphid had significantly higher abundance during cropping under VC-O and VC-P treated plots (Figure 4(a) ). Sminthurids were absent before the cropping was initiated however during cropping they had significantly higher population under all the treatments with a subsequent decline in post harvest period. The increase in population density was more prominent for plots receiving LM input treatment.
Impact of Cropping Practice on Soil Faunal Diversity (Pitfall Traps) under Different Input Treatments
Comparing the manure input treatment Sminthurids were more abundant with higher biomass during cropping in the FM-O (F [2,6] = 543.23; P < 0.05) than in VC-O. However the reverse was the case for FM-P (Figure 4(b) ), they were absent both before and after cropping in C. Significantly higher abundance (F [2,6] = 117.65; P < 0.05) and biomass of coleoptera occurred during cropping in VC-P, population density and biomass was significantly higher (F [2,6] = 1143.43; P < 0.05) subsequent to the crop harvest only in FM-O. The population abundance did not show any significant variations during the cropping under other treatments and were absent in C. Abundance and biomass of coleoptera larvae was significantly lower during cropping periods in plots receiving VC-O (F [2,6] = 230.43; P < 0.05), VC-P (F [2,6] = 389.43; P < 0.05) as compost input. In the VC-P larvae abundance was higher before cropping, declined during the cropping period and they were absent subsequent to the crop harvest, they were absent in plots receiving LM treatment. They were most abundant and had higher biomass during cropping in FM-O (F [2,6] = 287.34; P < 0.05), and FM-P treatment (F [2,6] = 457.25; P < 0.05) but they were absent in C. Hymenoptera were most abundant in plots receiving VC-O treatments, their population density and biomass declined under all the treatments during cropping except in the experimental plots receiving VC-O (F [2,6] = 481.9; P < 0.05) and VC-P (F [2,6] = 298.54; P < 0.05) treatments. However, the population density increased subsequent to crop harvest in FM-O (F [2,6] = 527.7; P < 0.05) and LM (F [2,6] = 307.52; P < 0.05) treated plots. Arachnida did not show significant differences between different treatments during cropping except in VC-O (F [2,6] = 85.3; P < 0.05). They were absent before cropping under all the treatments, increased in number during cropping and declined subsequent to the post-harvest period (Figures 5(a) and Figure 5(b) ). 
Impact of Cropping Practice on
Simpsons Index of Diversity
The diversity of soil fauna was higher in plots receiving VC-O treatment as nutrient source when compared to C, FM-P and VC-P treated plots. The soil faunal diversity did not vary significantly between VC-P and LM and was lowest in FM-P treated plots (Figure 7) . Total soil faunal abundance and biomass was significantly lower in C (F[2,6] = 70; P < 0.05), but addition of VC-O when compared to other manure inputs to the treatment plots showed significantly higher total soil fauna abundance (F [2,6] = 386.9; P < 0.05) and an higher yield of pea crop ( Table 6 ).
Discussion
Pea crop grown in the experimental plots receiving VC-O, VC-P, FM-O, FM-P and LM material as nutrient sources showed the suitability of each of the product as a plant growth medium when compared to the C.
Soil Physicochemical Characteristics
Improved soil physicochemical characteristics in the plots treated with vermicompost compared to conventional compost and C is because VC-O, VC-P amended plots have significantly higher soil bulk density [12] which improves the soil structure and aggregate stability of the particles compared to other treatments. It has been shown through our results and through the studies of other workers [13] that application of vermicompost favorably affects soil pH thereby improving microbial population and soil enzyme activities.
Effect on Crop Growth
Improved seed germination, enhanced rate of seedling growth, flowering and fruiting in VC-O and VC-P treated Figure 7 . Change in the soil faunal diversity in response to different treatments and expressed as the Simpsons diversity index in Pea Crop agricultural system. Table 6 . Abundance and biodiversity of soil fauna as well crop yield in experimental plots under different treatments during cropping (±SE, n = 5). Numbers followed by the same letter are not significantly different (P < 0.05) within columns. plots as compared to C, FM-O, FM-P and LM plots is because vermicompost has higher rate of plant growth hormones and humic acids. Higher humic acid stimulate root biomass and their numbers as has also been seen in our studies, thus giving the plant ability to scavenge nutrient from the surrounding environment for growth and development [14] . This causes increased efficiency of the rooting system, thus explaining enhanced plant growth.
Nitrogen and Carbon, C: N Ratio
Higher nitrogen level and lower C: N ratio in VC (O) and VC (P) could be attributed to alteration of microbial nutrient spectrum in earthworm casts due to increased presence of nitrogen-fixing microbes which in turn enhance total nitrogen concentration in vermicompost [15] . Lower organic carbon % in VC (O) and VC (P) can be explained as due to vermicomposting process lowering organic C from substrates through microbial respiration in the form of CO2 evolution [16] . Lower C: N ratio in VC (O) and VC (P) could be explained as due to mineralization and decomposition of organic matter, loss of carbon as carbon dioxide due to respiration, increased total N production through microbial activity and mucus and nitrogenous excreta during vermicomposting process. Higher C:N ratio in LM could be attributed to the presence of high percentage of resistant constituents such as cellulose and lignin content [17] .
Nitrogen Uptake by the Pea
Sailaja and Usha [18] reported that treatment with enriched vermicompost was superior to other treatments for the uptake of N, by cowpea (Vigna unguiculata). According to [19] the application of humic acids derived from vermicomposts, results in significant accumulation of N in the roots, shoots and fruits of the crops. This along with lower C:N ratio in the vermicompost amended soils VC(O) and VC(P) explains the increased assimilation of mineral nitrogen uptake by the pea crops in our study.
Effect on the Yield of Pea Crop
The increased plant height and higher fruit, leaf and root biomass allocation in VC-O and VC-P treated plots as compared to C, FM-O, FM-P and LM treated plots can be explained as that the plant available nutrients are adsorbed on to the humates produced during the vermicomposting process [18] these are then gradually released into the soil solution thereby promoting a significant increase in plant growth, flowering and crop yields when compared to farm yard manure and conventional compost [20] .
Effect of Amendments on Soil Faunal Biodiversity
Soil environment directly influences the soil faunal community with respect to numbers and composition and their spatial distribution. Increased numbers of Acarina, Collembola, in VC-O and VC-P amended plots when compared to C, FM-O, FM-P and LM treated plots may be explained as due to enhanced microbial population and activity in vermicompost when compared to conventional composts [21] , this is also supported through the studies of Cole and Bardgett [22] who showed that the direct effect of vermicompost on collembola and acarina is driven by microbial rather than plant-derived resource availability response. Higher abundance and biomass of Acarina in the VC-O and VC-P treated plots as compared to C, FM-O, FM-P and LM is attributed to higher nitrogen as well as organic matter here. This is also supported by studies of Moore and Ruiter [23] who reported that the biomass of Acarina was greatest in sites receiving nitrogen, suggesting that more energy was transferred to higher trophic levels under these conditions also the higher organic matter improved the mite population thus suggesting the beneficial effects of these practices on the Acari community. The preferences of Entomobryomorphs (spring tails) for feeding on decayed plant material and fungus mycelia and disintegrating macro-and mega fauna excrements resulted in there higher abundance in plots amended with VC-O and VC-P treatments, this has also been highlighted by the work of Haarlov [24] who showed that fungal feeding Collembola (springtails) and Acarina are higher in soil amended with vermicompost which favors fungal pathway. Vertical stratification of Collembola in soil is correlated with pore-size distribution, relative humidity and food availability [25] . The significantly higher abundance of Sminthurids (globular) collembola on LM amended plots as compared to C, FM-O, FM-P and VC-O and VC-P treatments was because they are inhabitants of superficial litter layers with preference for feeding on dead and decaying woody material and participating in disintegration of leaf litter [26] . The preference of Podumorphs to reside in the soil matrix and feed on organic matter rich substrate was probably the reason for their dominance in FM-O and VC-O amended plots [27] and the acidic nature of VC-P and FM-P could probably be one of the reason for their absence in VC-P amended plots. Dung in the farm yard manure is firstly exploited by the beetles and their larvae feed on decomposing organic debris and subsequently by the other litter-dwelling species [28] , besides being important scavengers [29] and this thus explains the higher abundance and biomass of coleoptera and coleoptera larvae in the conventional FM-O treated plots when compared to VC-O and VC-P and C treatments. Presence of phenolics in vermicompost could also be one reason for lower abundance of larvae (arthropod pest) in VC-O and VC-P treated plots and therefore better resistance by crops to pests. According to [30] , vermicompost forms part of the natural plant defense system against infection and harmful microbial invasions.
Higher abundance of Arachnida and Hymenoptera in VC-O and VC-P plots when compared to C, FM-O, FM-P and LM could be explained as due to the higher microbes number and improved nutrient status in the vermicompost-amended soils which have led to increased prey availability for them, as both Arachnida and Hymenoptera (ants) are predators that occupy the higher most position in the soil food web preying on other secondary consumers [31] [32] . This is also supported through the studies of [33] who highlighted the higher proportion of predators in the micro arthropod communities of vermicompost amended agricultural plots compared to conventionally amended plots, thereby suggesting that more energy is transferred to higher trophic levels under elevated soil fertility.
Soil Faunal Biodiversity
The change in the soil faunal diversity in C as well as in VC-O, VC-P, FM-O, FM-P, and LM and expressed as the Simpsons diversity index showed that the diversity is positively related to improvements in soil conditions resulting from nutrient manipulations through vermicompost and conventional compost treatments.This is also supported by the studies of workers [34] who showed that at a local scale the quality of crop residues and their distribution in the soil are major driving forces for soil biodiversity, and the responses of soil fauna to organic manure will depend on the manure characteristics, as well as the rates and frequency of application, quality of litter materials, habitat structure and local disturbance regimes. Macrofauna abundance and diversity relates to both soil fertility management and the agro-ecological conditions in different niches [35] .
Increases in total soil faunal density and biomass with improvements in soil fertility and plant production in VC-O, VC-P when compared to FM-O, FM-P, and LM and C was because increased crop production most likely represents an increase in the availability of resources through addition of vermicompost when compared to other compost treatments. Chronosequence' study during pea cropping season indicates that the composition and abundance of soil fauna changed considerably with time under cultivation. Soil moisture in some ecosystems can be a stronger determinant of micro arthropod community composition than either vegetation or soil properties [36] . During cropping, increased quantity and quality of food supplied by vegetation resulted in greater fecundity, faster development and increased production and turnover of all the groups except Acarina, subsequently they increased or exhibited variable patterns such as peaks and troughs in abundance [37] .
Conclusion
The present study therefore highlights that the application of vermicompost as compared to conventional compost improved the pea crop production in the region where it had declined due to poor land management practices. Addition of VC-O, VC-P and FM-O, FM-P, and LM created different niches in the treatment plots, and the niches had different diversity indices, which confirm that farmers' spatial-temporal management was translated into variations in biological status of the niches, also that different orders of soil arthropods coexist due to complimentarily of resource use through their varied life history tactics such as the larval stages, and by the complex structure of soils that enables extensive resource partitioning and niche differentiation. The complex relationships of soil fauna with their ecological niches in the soil, their limited mobility and their lack of capacity to leave the soil environment, make some taxa (e.g. Collembola, Acarina) particularly vulnerable to soil impact.
